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[57] ABSTRACT 

An optical receiving circuit comprising a plurality of ampli 
fying circuits successively connected in a multiple stage 
form, each of the plurality of amplifying circuits having an 
offset compensating function. The optical receiving circuit 
includes offset compensating circuits respectively arranged 
in the plurality of amplifying circuits. Time constants of the 
offset compensating circuits are set in such a manner that the 
time constant of an offset compensating circuit arranged at 
one stage is smaller than that of an offset compensating 
circuit arranged at the previous stage. 

11 Claims, 7 Drawing Sheets 
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OPTICAL RECEIVING CIRCUIT 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical receiving 
circuit used in optical access systems, optical data links, 
optical interconnections, and similar systems, and more 
particularly to an optical receiving circuit having amplifying 
circuits con?gured in a multistage form each of Which 
ampli?es received digital signals. 
An optical receiving circuit of that type includes an 

amplifying circuit system Which consists of amplifying 
circuits successively connected in a multistage form to 
amplify received digital signals to a predetermined gain 
level. In many cases, since received digital signals With 
unipolar codes are converted into ampli?ed signals With 
bipolar codes, respective amplifying circuits are formed of 
differential ampli?ers. For that reason, the optical receiving 
circuit With amplifying circuits of that type requires a circuit 
that compensates for an offset betWeen the positive-phase 
output and the negative-phase output of an amplifying 
circuit. FIG. 6 illustrates a conventional optical receiving 
circuit that can realiZe the offset compensation. Referring to 
FIG. 6, a preampli?er PRE ampli?es a signal received With 
a light receiving element PD. Then differential ampli?ers 
DAMP(l) to DAMP(n) serially connected in n stages (Where 
n is an integer of 1 or more) further amplify the ampli?ed 
signal successively. Offset compensation is performed by 
detecting an average value or peak level of a positive-phase 
output from the differential ampli?er at the last stage and an 
average value or peak level of a negative-phase output 
therefrom by means of a detector PD, and then feeding the 
differential outputs from the feedback differential ampli?er 
DAMPO, Which receives the detected values, back to the 
inputs of the ?rst-stage differential ampli?er. 

HoWever, this circuit con?guration requires arranging a 
feedback loop ranging from the output terminal of the 
last-stage ampli?er to the input terminal of the ?rst-stage 
ampli?er in n-stage differential ampli?ers connected in a 
multistage form. Hence, When the optical receiving circuit is 
fabricated in an integrated circuit form, the feedback loop 
becomes large siZed upon IC circuit layout design. 
Consequently, a problem arises that the circuit con?guration 
is not suitable for one-chip IC fabrication because it tends to 
be susceptible to interference at some midpoint in the 
feedback loop. 

To solve such a problem, the circuit con?guration shoWn 
in FIG. 7 has been proposed. In the optical receiving circuit, 
n-stage limiter ampli?ers LIM(1) to LIM(n), Which are 
successively connected to a photo diode PD and a pream 
pli?er PRE, implement offset compensation, respectively. 
The peak level detector PD(L)P detects the peak level of a 
positive-phase output signal of the limiter ampli?er LIM(1) 
While the peak level detector PD(1)N detects the peak level 
of an negative-phase output signal of the limiter ampli?er 
LIM(1). The peak level detector PD(2)P detects the peak 
level of a positive-phase output signal of the limiter ampli 
?er LIM(2) While the peak level detector PD(2)N detects the 
peak level of a negative-phase output signal of the limiter 
ampli?er LIM(2). The peak level detector PD(n)P detects the 
peak level of a positive-phase output signal of the limiter 
ampli?er LIM(n) While the peak level detector PD(n)N 
detects the peak level of a negative-phase output signal of 
the limiter ampli?er LIM(n). The differential output signals 
of the feedback differential ampli?er AMP(l) are respec 
tively fed back to the inputs of the limiter ampli?er LIM(1). 
The differential output signals of the feedback differential 
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2 
ampli?er AMP(2) are respectively fed back to the inputs of 
the limiter ampli?er LIM(2). The differential output signals 
of the feedback differential ampli?er AMP(n) are respec 
tively fed back to the inputs of the limiter ampli?er LIM(n). 
In such an operation, offsets of the limiter ampli?ers are 
compensated respectively. This circuit is disclosed in JP-A 
310967/1994 and the 1996 Institute of Electronics, Infor 
mation and Communication Engineers General Convention 
C-588. 

Since a feedback loop for an offset compensating circuit 
is arranged in each ampli?er, the circuit shoWn in FIG. 7 
does not require the feedback loop ranging from the ?rst 
stage ampli?er to the last stage ampli?er as shoWn in the 
circuit of FIG. 6. Hence, the circuit con?guration has a small 
circuit scale and can be realiZed as a one-chip IC. HoWever, 
in the circuit shoWn in FIG. 7, time constants for compen 
sation of offset compensating circuits arranged in ampli?ers 
at all stages are set equally and to a small value, respectively, 
to realiZe high-speed operation. As a result, the ampli?er in 
each stage can compensate offset compensation instanta 
neously. HoWever, because the compensation time constant 
for offset compensation function at each stage is small, the 
offset compensating circuit at each stage responds sensi 
tively and tends to pick up EMI (electromagnetic 
interference). Therefore there has been the problem that the 
stability and reliability of output characteristics decrease. 

SUMMARY OF THE INVENTION 

The objective of the present invention is to solve the 
above-mentioned tasks. 

Moreover, the objective of the invention is to provide an 
optical receiving circuit that can obtain its output charac 
teristics With excellent stability and reliability by preventing 
the above-mentioned interference. 
The objective of the present invention is achieved by an 

optical receiving circuit including offset compensating cir 
cuits respectively arranged in a plurality of amplifying 
circuits successively connected in a multistage form, in 
Which the time constant of each of the offset compensating 
circuits is set in such a manner that the time constant of an 
offset compensating circuit in an amplifying circuit at a rear 
stage is smaller than that of an offset compensating circuit in 
an amplifying circuit at a previous stage. 

For eXample, according to a preferred embodiment of the 
present invention, the offset compensating circuit includes a 
circuit for detecting a peak level of a positive-phase output 
signal from an-amplifying circuit at each stage and a circuit 
for detecting a peak level of a negative-phase output signal 
therefrom. The offset compensating circuit performs a feed 
back operation to equaliZe the peak levels detected. The time 
constant of each of the peak detecting circuits is set in such 
a manner that the time constant of a peak level detecting 
circuit in an amplifying circuit at a rear stage is smaller than 
that of a peak level detecting circuit in an amplifying circuit 
at a previous stage. 

In another aspect, the offset compensating circuit includes 
a circuit for detecting an average value of a positive-phase 
output signal and an average value of a negative-phase 
output signal from an amplifying circuit at each stage. The 
offset compensating circuit performs a feedback operation to 
equaliZe the average value detected. The time constant of the 
average value detecting circuit is set in such a manner that 
the time constant of an average detecting circuit in an 
amplifying circuit at a rear stage is smaller than that of an 
average detecting circuit in an amplifying circuit at a pre 
vious stage. 
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Furthermore, the offset compensating circuit includes a 
circuit for detecting a peak level of a positive-phase output 
signal from an amplifying circuit at a previous stage and a 
circuit for detecting a peak level of a negative-phase output 
signal therefrom. The offset compensating circuit adds the 
detected peak level of the positive-phase output signal to a 
negative-phase input of an amplifying circuit at a stage 
including the offset compensating circuit and adds the 
detected peak level of the negative-phase output signal to a 
positive-phase input of an amplifying circuit at the stage 
including the offset compensating circuit. The time constant 
of each of the peak level detecting circuits is set in such a 
manner that the time constant of a peak level detecting 
circuit in an amplifying circuit at a rear stage is smaller than 
that of a peak level detecting circuit in an amplifying circuit 
at a previous stage. 

Moreover, the offset compensating circuit includes a 
circuit for detecting a peak level of an output signal from an 
amplifying circuit at a previous stage and a circuit for 
detecting a bottom level of an output signal therefrom. The 
compensating circuit differentially ampli?es an intermediate 
value of the peak level and the bottom level detected as a 
reference input for an amplifying circuit at a stage including 
the offset compensating circuit. The time constant of the 
peak level detecting circuit is set in such a manner that the 
time constant in an amplifying circuit at a rear stage is 
smaller than that in an amplifying circuit at a previous stage. 
The time constant of the bottom level detecting circuit is set 
in such a manner that the time constant in an amplifying 
circuit at a rear stage is smaller than that in an amplifying 
circuit at a previous stage. 

In another aspect, an optical receiving circuit comprises a 
photo diode for converting an input optical signal into an 
electrical signal; and a plurality of amplifying circuits suc 
cessively connected in a multistage for converting the elec 
trical signal converted by the photo diode into bipolar codes. 
The plurality of amplifying circuits respectively includes an 
ampli?er and an offset compensating circuit. The offset 
compensating circuit includes a ?rst peak level detecting 
circuit for detecting a peak level of a positive-phase output 
signal from the ampli?er; a second peak level detecting 
circuit for detecting a peak level of a negative-phase output 
signal from the ampli?er; and a differential ampli?er for 
feeding a differential output signal of the peak level detected 
by the ?rst peak level detecting circuit back to a positive 
phase input and for feeding a differential output signal of the 
peak level detected by the second peak level detecting 
circuit back to a negative-phase input. 

In the time constant at each stage, the time constant of an 
offset compensating circuit arranged at a previous stage is 
larger than the time constant of an offset compensating 
circuit arranged at a rear stage. 

In still another aspect, an optical receiving circuit com 
prises a photo diode for converting an input optical signal 
into an electrical signal; and a plurality of amplifying 
circuits successively connected in a multistage for convert 
ing the electrical signal converted by the photo diode into 
bipolar codes. The plurality of amplifying circuits respec 
tively includes an ampli?er and an offset compensating 
circuit. The offset compensating circuit includes an average 
value detecting circuit for detecting a ?rst average value of 
a positive-phase output signal from the ampli?er and a 
second average value of a negative-phase output signal from 
the ampli?er; and a differential ampli?er for controlling the 
ampli?er using the ?rst and second average value. 

In the time constant at each stage, the time constant of an 
offset compensating circuit arranged at a previous stage is 
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4 
larger than the time constant of an offset compensating 
circuit arranged at a rear stage. 

In still another aspect, an optical receiving circuit com 
prises a photo diode for converting an input optical signal 
into an electrical signal; and a plurality of amplifying 
circuits successively connected in a multistage for convert 
ing the electrical signal converted by the photo diode into 
bipolar codes. The plurality of amplifying circuits respec 
tively includes an ampli?er and an offset compensating 
circuit. The offset compensating circuit includes a ?rst peak 
level detecting circuit for detecting a peak level of a 
positive-phase output signal to add the detected peak level to 
a negative-phase output signal to the ampli?er; and a second 
peak level detecting circuit for detecting a peak level of a 
negative-phase output signal to add the detected peak level 
to a positive-phase output signal to the ampli?er. 

In the time constant at each stage, the time constant of an 
offset compensating circuit arranged at a previous stage is 
larger than the time constant of an offset compensating 
circuit arranged at a rear stage. 

In a further aspect, an optical receiving circuit comprises 
a photo diode for converting an input optical signal into an 
electrical signal; and a plurality of amplifying circuits suc 
cessively connected in a multistage for amplifying a unipo 
lar receive digital signal from the photo diode. The plurality 
of amplifying circuits respectively includes a limiter ampli 
?er and an offset compensating circuit. The offset compen 
sating circuit includes a peak level detecting circuit for 
detecting a peak level of an output signal to the ampli?er; a 
bottom level detecting circuit for detecting a bottom level of 
the output signal to the ampli?er; and a resistance voltage 
divider for dividing the output signal from the peak level 
detecting circuit and the output signal from the bottom level 
detecting signal to supply an intermediate value as a refer 
ence to the limiter ampli?er. 
The time constant of a peak level detecting circuit 

arranged at a previous stage is larger than the time constant 
of a peak level detecting circuit arranged at a rear stage. The 
time constant of a bottom level detecting circuit arranged at 
a previous stage is larger than the time constant of a bottom 
level detecting circuit arranged at a rear stage. 
The above and other objects, features and advantages of 

the present invention Will become apparent from the fol 
loWing description When taken in conjunction With the 
accompanying draWings Which illustrate preferred embodi 
ments of the present invention by Way of eXample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects, features and advantages of the 
present invention Will become more apparent upon a reading 
of the folloWing detailed description and draWings, in 
Which: 

FIG. 1 is a block diagram shoWing the conceptual con 
?guration of an optical receiving circuit according to the 
present invention; 

FIG. 2 is a block circuit diagram shoWing an optical 
receiving circuit according to a ?rst embodiment of the 
present invention; 

FIG. 3 is a block circuit diagram shoWing an optical 
receiving circuit according to a second embodiment of the 
present invention; 

FIG. 4 is a block circuit diagram shoWing an optical 
receiving circuit according to a third embodiment of the 
present invention; 

FIG. 5 is a block circuit diagram shoWing an optical 
receiving circuit according to a fourth embodiment of the 
present invention; 



6,018,407 
5 

FIG. 6 is a block circuit diagram showing an example of 
a conventional optical receiving circuit; and 

FIG. 7 is a block circuit diagram shoWing a conventional 
improved optical receiving circuit. 

DESCRIPTION OF THE EMBODIMENTS 

Next, embodiments according to the present invention 
Will noW be described beloW With reference to the attached 
draWings. FIG. 1 is a block diagram illustrating the concep 
tual con?guration of the present invention. 

The optical receiving circuit consists of a photo diode PD 
that converts an input light signal into a current, and an 
amplifying circuit system formed of (n+1) stage limiter 
amplifying circuits OC(i) [Where i=0, 1, . . . , n: this rule is 
applicable beloW] With offset compensation function Which 
are successively connected at the rear stage of the photo 
diode PD. The electrical signal photoelectrically converted 
by the photo diode PD is a unipolar signal. The amplifying 
circuit system at the rear stage converts the unipolar signal 
into a bipolar code. The offset compensating time constant 
"c (i‘) of each limiter amplifying circuit OC(i) With offset 
control function is set so as to have the relation of "c (i‘)>T 
(i‘+1) [Where i‘=0, 1, 2, . . . , n-1: this rule is applicable 
beloW], that is, in such a manner that the time constant of a 
limiter amplifying circuit arranged at a folloWing stage is 
smaller than that of a limiter amplifying circuit arranged at 
the previous stage. In the circuit con?guration shoWn in FIG. 
1, the ?rst-stage amplifying circuit OC(0) has the largest 
time constant. The time constants of the successive ampli 
fying circuits decrease stage by stage. The last-stage ampli 
fying circuit OC(n) has the smallest time constant. 

According to the circuit con?guration, the residue offset 
Which cannot be sufficiently compensated by an offset 
compensating circuit arranged in a previous stage can be 
compensated by the offset compensating circuit arranged at 
the folloWing stage. Hence, in the ?rst-stage amplifying 
circuit OC(0) Which receives the smallest signal levels and 
is susceptible to interference induced in an IC circuit inter 
nally or externally, even if the offset compensating circuit 
operates erroneously due to EMI, causing incomplete offset 
compensation, the offset compensating circuit With a smaller 
time constant in an amplifying circuit at the folloWing stage 
performs offset compensation instantaneously. This opera 
tion improves the instability of compensation operation due 
to interference and realiZes output characteristics With good 
stability and reliability. By the Way, if the time constant of 
a previous-stage amplifying circuit and the time constant of 
a folloWing-stage amplifying circuit are reversely set in 
value, offset compensation at the folloWing stages consumes 
much time, thus easily causing burst errors. Moreover, since 
offset compensating circuits arranged more previously 
respond sensitively, they tend to be susceptible to interfer 
ence. 

FIG. 2 is a block circuit diagram shoWing an optical 
receiving circuit according to a ?rst embodiment of the 
present invention. Referring to FIG. 2, elements correspond 
ing to those in FIG. 1 are designated With the same symbols. 
Each of the (n+1)-stage amplifying circuits OC(i) With offset 
compensation function consists of a differential 
ampli?cation-type limiter ampli?er LIM(i) acting as an 
ampli?er. The ?rst-stage amplifying circuit OC(0) (i=0) is 
formed as a preampli?er PRE. In each of amplifying circuits 
OC(i), the offset compensating circuit is formed of a peak 
level detecting circuit PD(i)P Which detects the peak level of 
a positive-phase output signal from each limiter ampli?er 
LIM(i) or, in the case of the ?rst-stage amplifying circuit 
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6 
OC(0), the preampli?er PRE, a peak level detecting circuit 
PD(i)N Which detects the peak level of a negative-phase 
output signal from each limiter ampli?er LIM(i), or the 
preampli?er PRE in stage OC(0) and a differential ampli?er 
AMP(i) Which respectively feeds differential output signals 
of peak levels detected by the peak level detecting circuits 
back to the positive-phase input and the negative-phase 
input of a limiter ampli?er LIM(i) or the preampli?er PRE. 
In the offset compensating circuit in each stage, time con 
stants 'cPD(i‘)P and 'cPD(i‘)N of the peak level detecting 
circuits are respectively set to values larger than the time 
constants of the peak level detecting circuits arranged in the 
immediate folloWing stage. The ?rst-stage amplifying cir 
cuit has the largest time constant. The last-stage amplifying 
circuit has the smallest time constant. That is, an inequality 
of "cPD(i‘)P>'cPD(i‘+1)P and an equality of 'cPD(i‘)N>"cPD 
(i‘+1)N are held. 

Therefore, in order to achieve offset compensation by the 
amplifying circuit OC(i) in each stage, the peak level 
detecting circuit PD(i)P detects the peak level of a positive 
phase output signal of the limiter ampli?er LIM(i) and the 
peak level detecting circuit PD(i)N detects the peak level of 
a negative-phase output signal thereof. Then the feedback 
differential ampli?er AMP(i) controls the level of the 
positive-phase input signal and the level of the negative 
phase input signal in a feedback mode to equaliZe the peak 
levels. In this offset compensation, the time constant 'cPD 
(i‘)P of the peak level detecting circuit PD(i)P in an ampli 
fying circuit at a previous stage is larger than the time 
constant "cPD(i‘+1)P of the peak level detecting circuit in 
PD(i)P an amplifying circuit at a folloWing stage. The time 
constant 'cPD(i‘)N of the peak level detecting circuit PD(i)P 
in an amplifying circuit at a previous stage is larger than the 
time constant 'cPD(i‘+1)N of the peak level detecting circuit 
PD(i)P in an amplifying circuit at a folloWing stage. Hence, 
in the amplifying circuit at the previous stage, offset com 
pensation is gradually performed. In the amplifying circuit 
at the folloWing stage, offset compensation is performed at 
a higher rate. Hence, in the ?rst amplifying circuit OC(0), 
even if the offset compensating circuit operates erroneously 
due to EMI or the like, thus causing an incomplete offset 
compensation, the offset compensating circuit in an ampli 
fying circuit at the folloWing stage completes the offset 
compensation instantaneously. This operation can improve 
an unstable compensation operation to an output from the 
last-stage amplifying circuit OC(n) and can realiZe output 
characteristics With eXcellent stability and reliability. 

FIG. 3 is a block diagram illustrating an optical receiving 
circuit according to the second embodiment of the present 
invention. Elements corresponding to those shoWn in FIGS. 
1 and 2 are designated With the same symbols. An average 
value detecting circuit that detects the average value 
of a positive-phase output signal and the average value of a 
negative-phase output signal from the limiter amplifying 
circuit LIM(i) is employed as an offset compensating circuit 
operated for the limiter ampli?er LIM(i) arranged in an 
amplifying circuit at each stage. In order to establish offset 
compensation, the feedback differential ampli?er AMP(i) 
controls respective signals input to the limiter amplifying 
circuit LIM(i) using the averaged output signals. Regarding 
the time constant 'cAD(i‘)N of the average value detecting 
circuit AD(i), the time constant of an amplifying circuit at 
the previous stage is set to a value larger than that of an 
amplifying circuit at the folloWing stage. That is, 'cAD(i‘) 
>"cAD(i‘+1). 

In the amplifying circuit OC(i) at each stage according to 
the second embodiment, in order to achieve offset 
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compensation, the average value detecting circuit detects the average value of a positive-phase output signal 

and the average value of a negative-phase output signal from 
each limiter ampli?er LIM(i). Then the feedback differential 
ampli?er AMP(i) performs a feedback control to set respec 
tively the level of a positive-phase input signal and the level 
of a negative-phase input signal to an average value. In this 
offset compensation, the time constant of the average value 
detecting circuit in an amplifying circuit at the previous 
stage is larger than that of the amplifying circuit at the 
folloWing stage. Consequently, the offset is sloWly compen 
sated at the previous stage but is compensated faster at the 
folloWing stage. As a result, even When offset compensation 
becomes incomplete in the offset compensating circuit in the 
?rst-stage amplifying circuit, the offset compensating circuit 
in the amplifying circuit at the folloWing stage can perform 
an offset compensating operation instantaneously. An 
unstable compensation operation to output signals from the 
last-stage amplifying circuit is improved so that the output 
characteristics With good stability and reliability can be 
obtained. 

FIG. 4 is a block diagram illustrating an optical receiving 
circuit according to the third embodiment of the present 
invention. Elements corresponding to those shoWn in FIGS. 
1 and 2 are designated With the same symbols. In this 
embodiment, like the ?rst embodiment, both a peak level 
detecting circuit PD(i)P Which detects the peak level of a 
positive-phase output signal and a peak level detecting 
circuit PD(i)N Which detects the peak level of a negative 
phase output signal are prepared as an offset compensating 
circuit in an amplifying circuit OC(i) at each stage. In this 
con?guration, the peak level of a positive-phase output 
signal and a negative-phase output signal at the previous 
stage are detected. Then the detected positive peak level is 
added to an opposite output signal, that is, to the negative 
phase output signal While the detected negative peak level is 
added to an opposite output signal, that is, to the positive 
phase output signal. In this case, as to the time constants 
'cPD(i‘) and "cPD(i‘)N of the peak level detecting circuits, the 
time constant set at a previous stage is larger than that set at 
a folloWing stage. That is, the relationship is expressed by 
'cPD(i‘)P>'cPD(i‘+1)P, and 'cPD(i‘)N>'cPD(i‘+1)N. 

In the amplifying circuit at each stage according to the 
third embodiment, the limiter ampli?er formed of a differ 
ential amplifying circuit ampli?es a difference voltage 
betWeen a positive phase output signal and a negative-phase 
output signal from an amplifying circuit at the previous 
stage so that the offset of the output can be compensated. 
Even in this case, the time constant of the peak level 
detecting circuit in an amplifying circuit at the previous 
stage is larger than that of the amplifying circuit at the 
folloWing stage. Hence, likeWise the circuit con?gurations 
of the ?rst and second embodiments, even When offset 
compensation becomes incomplete in the ?rst-stage ampli 
fying circuit, the offset compensating circuit arranged in an 
amplifying circuit at the folloWing stage can instantaneously 
performs an offset compensation, thus realiZing output char 
acteristics With excellent stability and reliability. 

FIG. 5 is a block diagram illustrating an optical receiving 
circuit according to the fourth embodiment of the present 
invention. This embodiment shoWs an example of amplify 
ing a unipolar received digital signal in a multistage mode 
While the polarity is not changed. That is, each of amplifying 
circuits OC(i) arranged in (n+1) stages is formed of a limiter 
ampli?er LIM(i) acting as a differential ampli?er. Only the 
positive-phase output signal is output to the positive-phase 
input of an amplifying circuit at the folloWing stage. Both a 
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8 
peak level detecting circuit PD(i) Which detects the peak 
level of an output signal from an amplifying circuit at the 
previous stage and a bottom level detecting circuit BD(i) 
Which detects the bottom level of an output signal from an 
amplifying circuit at the previous stage act as an offset 
compensating circuit in an amplifying circuit at each stage. 
In the offset compensating circuit, the resistors R1 and R2 
divides the outputs from the level detecting circuits to make 
an intermediate value. The offset compensating circuit out 
puts the intermediate value as a reference voltage for the 
limiter amplifying circuit LIM at the folloWing stage. As 
to the time constant 'cPD(i‘) of the peak level detecting 
circuit PD(i‘) and the time constant "cBD(i‘) of the bottom 
level detecting circuit included in an amplifying circuit at 
each stage, the time constants of level detecting circuits 
belonging to an amplifying circuit at the previous stage are 
set to values larger than those of level detecting circuits 
belonging to an amplifying circuit at the folloWing stage. 
That is, the relationship is expressed by 'cPD(i‘)>'cPD(i‘+1) 
and "cBD(i‘)>"cBD(i‘+1). 

In the amplifying circuit at each stage according to the 
fourth embodiment, offset compensation is achieved by 
differentially amplifying a voltage difference from a refer 
ence voltage obtained as an intermediate value of a peak 
level and a bottom level and a voltage of a signal output from 
the previous-stage amplifying circuit by means of the limiter 
ampli?er LIM(i). In this case, the time constant of the peak 
level detecting circuit and the time constant of the bottom 
level detecting circuit, Which belong to an amplifying circuit 
at the previous stage, are larger than the time constant of an 
amplifying circuit at the folloWing stage. Hence, even When 
offset compensation becomes incomplete in the ?rst-stage 
amplifying circuit, the offset compensating circuit in the 
folloWing-stage amplifying circuit can instantaneously com 
plete the offset compensation. This feature alloWs output 
characteristics With good stability and reliability to be pro 
vided. 
As described above, according to the present invention, in 

the offset compensating circuit arranged in each of a plu 
rality of amplifying circuits successively connected in a 
multistage form, the time constant in an amplifying circuit 
arranged at the previous stage is set to a value smaller than 
the time constant in an amplifying circuit arranged at the 
folloWing stage. Hence, the time constant of the offset 
compensating circuit arranged in an amplifying circuit at a 
previous stage is set to a large value so that the moderated 
response reduces a possibility of picking up interference. 
Furthermore, even When offset compensation becomes 
incomplete due to an erroneous operation of an offset 
compensating circuit, the small time constant of an offset 
compensating circuit arranged at the rear stage enables the 
incomplete offset compensation to be corrected. 

In such an operation, the optical receiving circuit can 
output a received optical signal With excellent stability and 
reliability. Since the respective amplifying circuits each of 
Which includes an offset compensating circuit have a small 
feedback loop, the scale of the Whole circuit can be reduced. 
This feature alloWs the optical receiving circuit to be applied 
to one-chip IC form. 
The entire disclosure of Japanese Patent Application No. 

124628/1996 ?led on May 20, 1996 including speci?cation, 
claims, draWing and summary are incorporated herein by 
reference in its entirety. 
What is claimed is: 
1. An optical receiving circuit comprising a plurality of 

amplifying circuits each having an offset compensating 
function, said plurality of amplifying circuits being succes 
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sively connected in a multistage form; the time constant of 
an offset compensating circuit arranged in an amplifying 
circuit at each stage being set in such a manner that the time 
constant of an offset compensating circuit in an amplifying 
circuit at one stage is smaller than that of an offset com 
pensating circuit in an amplifying circuit at the previous 
stage. 

2. The optical receiving circuit of claim 1, Wherein said 
offset compensating circuit comprises a circuit for detecting 
a peak level of a positive-phase output signal from an 
amplifying circuit at each stage and a circuit for detecting a 
peak level of a negative-phase output signal therefrom, and 
performs a feedback operation to equaliZe said peak levels 
detected; the time constant of each of said peak detecting 
circuits being set in such a manner that the time constant of 
a peak level detecting circuit in an amplifying circuit at one 
stage is smaller than that of a peak level detecting circuit in 
an amplifying circuit at the previous stage. 

3. The optical receiving circuit of claim 1, Wherein said 
offset compensating circuit comprises a circuit for detecting 
an average value of a positive-phase output signal and an 
average value of a negative-phase output signal from an 
amplifying circuit at each stage, and then performs a feed 
back operation to equaliZe said average values detected; the 
time constant of said average value detecting circuit being 
set in such a manner that the time constant of an average 
detecting circuit in an amplifying circuit at one stage is 
smaller than that of an average detecting circuit in an 
amplifying circuit at the previous stage. 

4. The optical receiving circuit of claim 1, Wherein said 
offset compensating circuit comprises a circuit for detecting 
a peak level of a positive-phase output signal from an 
amplifying circuit at a previous stage and a circuit for 
detecting a peak level of a negative-phase output signal 
therefrom; said offset compensating circuit adding said 
detected peak level of said positive-phase output signal to a 
negative phase input of an amplifying circuit at a stage 
including said offset compensating circuit and adding said 
detected peak level of said negative-phase output signal to a 
positive-phase input of an amplifying circuit at said stage 
including said offset compensating circuit; the time constant 
of each of said peak level detecting circuits being set in such 
a manner that the time constant of a peak level detecting 
circuit in an amplifying circuit at one stage is smaller than 
that of a peak level detecting circuit in an amplifying circuit 
at the previous stage. 

5. An optical receiving circuit of claim 1, Wherein said 
offset compensating circuit comprises a circuit for detecting 
a peak level of an output signal from an amplifying circuit 
at a previous stage and a circuit for detecting a bottom level 
of an output signal therefrom; said compensating circuit 
differentially amplifying an intermediate value of said peak 
level and said bottom level detected as a reference input for 
an amplifying circuit at a stage including said offset com 
pensating circuit; the time constant of said peak level 
detecting circuit being set in such a manner that the time 
constant in an amplifying circuit at one stage is smaller than 
that in an amplifying circuit at the previous stage; the time 
constant of said bottom level detecting circuit being set in 
such a manner that the time constant in an amplifying circuit 
at one stage is smaller than that in an amplifying circuit at 
the previous stage. 

6. An optical receiving circuit comprising; 
photo diode for converting an input optical signal into an 

electrical signal; and 
a plurality of amplifying circuits successively connected 

in a multistage for converting said electrical signal 
converted by said photo diode into bipolar codes; 
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10 
said plurality of amplifying circuits respectively including 

an ampli?er and an offset compensating circuit; 

said offset compensating circuit including: 
a ?rst peak level detecting circuit for detecting a peak 

level of a positive-phase output signal from said 
ampli?er; 

a second peak level detecting circuit for detecting a 
peak level of a negative-phase output signal from 
said ampli?er; and 

a differential ampli?er for feeding a differential output 
signal of said peak level detected by said ?rst peak 
level detecting circuit back to a positive-phase input 
and for feeding a differential output signal of said 
peak level detected by said second peak level detect 
ing circuit back to a negative-phase input, Wherein 
said photo diode is connected to one of the positive 
phase and negative-phase inputs of the ampli?er of a 
?rst one of said amplifying circuits. 

7. An optical receiving circuit comprising; 
a photo diode for converting an input optical signal into 

an electrical signal; and 

a plurality of amplifying circuits successively connected 
in a multistage for converting said electrical signal 
converted by said photo diode into bipolar codes; 

said plurality of amplifying circuits respectively including 
an ampli?er and an offset compensating circuit; 

said offset compensating circuit including: 
a ?rst peak level detecting circuit for detecting a peak 

level of a positive-phase output signal from said 
ampli?er; 

a second peak level detecting circuit for detecting a 
peak level of a negative-phase output signal from 
said ampli?er; and 

a differential ampli?er for feeding a differential output 
signal of said peak level detected by said ?rst peak 
level detecting circuit back to a positive-phase input 
and for feeding a differential output signal of said 
peak level detected by said second peak level detect 
ing circuit back to a negative-phase input, Wherein 
the time constant at each stage is set such that the 
time constant of an offset compensating circuit 
arranged at one stage is larger than the time constant 
of an offset compensating circuit arranged at the 
folloWing stage. 

8. An optical receiving circuit comprising: 
a photo diode for converting an input optical signal into 

an electrical signal; and 

a plurality of amplifying circuits successively connected 
in a multistage for converting said electrical signal 
converted by said photo diode into bipolar codes; 

said plurality of amplifying circuits respectively including 
an ampli?er and an offset compensating circuit; 

said offset compensating circuit including: 
an average value detecting circuit for detecting a ?rst 

average value of a positive-phase output signal from 
said ampli?er and a second average value of a 
negative-phase output signal from said ampli?er; 
and 

a differential ampli?er for controlling said ampli?er 
using said ?rst and second average values. 

9. The optical receiving circuit of claim 8, Wherein the 
time constant at each stage is set such that the time constant 
of an offset compensating circuit arranged at one stage is 
larger than the time constant of an offset compensating 
circuit arranged at the folloWing stage. 
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a plurality of amplifying circuits successively connected 
in a multistage for amplifying a unipolar receive digital 
signal from said photo diode; 

10. An optical receiving circuit comprising; 
a photo diode for converting an input optical signal into 

an electrical signal; and 

a plurality of amplifying circuits successively connected 
in a multistage for converting said electrical signal 
converted by said photo diode into bipolar codes; 

said plurality of amplifying circuits respectively including 
a limiter ampli?er and an offset compensating circuit; 

said offset compensating circuit including: 
a peak level detecting circuit for detecting a peak level 

of an output signal to said ampli?er; 
a bottom level detecting circuit for detecting a bottom 

level of said output signal to said ampli?er; and 
a resistance voltage divider for dividing said output 

signal from said peak level detecting circuit and said 
output signal from said bottom level detecting circuit 
to supply an intermediate value as a reference to said 

said plurality of amplifying circuits respectively including 
an ampli?er and an offset compensating circuit; 

said offset compensating circuit including: 10 
a ?rst peak level detecting circuit for detecting a peak 

level of a positive-phase output signal of one ampli 
?er to add said detected peak level to a negative 
phase input signal of the folloWing ampli?er; and 

a second peak level detecting circuit for detecting a 15 
peak level of a negative-phase output signal of said 
one ampli?er to add said detected peak level to a 
positive-phase input signal of said folloWing 
ampli?er, Wherein the time constant at each stage is 
set such that the time constant of an offset compen 

limiter ampli?er, Wherein the time constant of a peak 
level detecting circuit arranged at one stage is larger 
than the time constant of a peak level detecting 
circuit arranged at the folloWing stage; and Wherein 

sating circuit arranged at one stage is larger than the 20 the time constant of a bottom level detecting circuit 
time constant of an offset compensating circuit arranged at said one stage is larger than the time 
arranged at the fOllOWing Stage- constant of a bottom level detecting circuit arranged 

11. An optical receiving circuit comprising: at Said following stage_ 
a photo diode for converting an input optical signal into 25 

an electrical signal; and 


